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Introduction: Older patients combined with coronary heart disease (CHD) develop acute heart failure (AHF) after hip fracture
surgery is common, and this study aimed to investigate the risk factors of postoperative AHF in older hip fracture patients and to
construct a nomogram prediction model.

Methods: We retrospectively collected older hip fracture patients with CHD who underwent hip fracture surgery at the Third Hospital
of Hebei Medical University from January 2017 to December 2021. We divided them into a training set and a validation set. We
collected the demographic data, laboratory indicators and imaging examination results. We identified risk factors for postoperative
AHF and used R language software to establish a nomogram prediction model, plot ROC curves, calibration curves and DCA decision
curves.

Results: We retrospectively collected 1288 older hip fractures patients with CHD. After excluding 214 patients who did not meet the
criteria, 1074 patients were included in our research and we divided them into the training set and the validation set. In the training set,
a total of 346 (42.8%) patients developing postoperative AHF. Through univariate and multivariate logistic regression analysis, we
identified the risk factors for postoperative AHF and constructed a nomogram prediction model. The AUC of the prediction model is
0.778. The correction curve shows that the model has good consistency. The decision curve analysis shows that the model has good
clinical practicality.

Conclusion: There were 42.8% older patients combined with CHD develop postoperative AHF. Among them, fracture type, age,
anemia at admission, combined with COPD, ASA > 3, and preoperative waiting time >3 days are risk factors for postoperative AHF.
We constructed a nomogram prediction model that can effectively predict the risk of postoperative AHF in older hip fracture patients
combined with CHD.
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Introduction
Older adults usually have poor living ability and are prone to falls and fractures, with hip fractures being one of them.
Hip fractures are often considered the ultimate fracture in older adults due to their high mortality and disability rates,’'
what else, it may lead to many complications.

Heart failure is a common complication after hip fracture. Research has shown that heart failure is an
independent risk factor for mortality at least 1 year of follow-up in older patients with hip fractures.” Two studies
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in 2020 and 2021 have shown that heart failure has a negative impact on the improvement of daily activity ability in
older patients with hip fractures®* In 2021, You et al investigated the risk factors for postoperative heart failure in
older patients with hip fractures, but lacked the establishment of relevant prediction model.” In 2023, Tian et al
studied the risk factors for perioperative heart failure in older patients with hip fractures and established
a prediction model, but did not distinguish between preoperative and postoperative heart failure, and lacked
calibration and decision curves.® What else, there many studies about perioperative risk factors for patients
combined with coronary artery disease undergoing noncardiac surgery,” ° but there is less about hip fractures’
surgery, so it is necessary for us to construct a more integrated prediction model for preventing the AHF in hip
fracture patients with CHD.

95% hip fractures are treated surgically. Hip fracture surgery can achieve painless stability of the lower limbs and
restore patients to their pre-fracture functional state. However, for older patients with multiple comorbidities, especially
those with CHD, the surgical process and anesthesia risks often have a secondary impact on the older patients, leading to
increased risk. Therefore, studying the characteristics of postoperative heart failure can take into account the impact of
the surgical procedure, which is helpful for clinical practice.

So far, there is no appropriate risk score for postoperative AHF in older hip fracture patients combined with CHD.
And it is our aim to construct a prediction model about it. Through this model, it can provide a personalized decision-
making tool for clinicians more effectively, aiming to identify and reduce the occurrence of this disease as soon as
possible.

Materials and Methods
Patients and Groups

This study retrospectively collected data on 1288 older individuals between 65 and 95 years of age who were diagnosed
with CHD and had sustained hip fractures from January 2017 to December 2021. Among them, 214 patients with
multiple fractures, pathological fractures, old fractures, conservative treatment, chronic heart failure, chronic atrial
fibrillation, and incomplete clinical data were excluded. We divided the remaining 1074 patients them into a training
set (n=808 from January 2017 to December 2020) and a validation (n=266 from December 2020 to December 2021). The
database is the Elderly Orthopedic electronic medical record system of the Third Hospital of Hebei Medical University.
The indicators we collected include basic demographic characteristics of patients: age, gender, fracture type, injury
mechanism, comorbidities; Laboratory indicators or imaging examination results, such as hemoglobin, albumin, electro-
lyte, carotid artery plaques, coronary calcification and left ventricular ejection fraction; Surgical-related indicators:
preoperative waiting time, intraoperative bleeding volume, anesthesia method, history of CHD: taking antiplatelet or
anticoagulant drugs, revascularization condition. Our research was ethically approved by the Ethics Review Committee
of the Third Hospital of Hebei Medical University, and informed consent was waived due to the use of a retrospective
design.

Disease Definition

The definition of AHF is determined based on the 2021 ESC guidelines for the diagnosis and treatment of acute and
chronic heart failure. AHF is acute or aggravated left heart dysfunction leads to sudden decrease in cardiac output,
increased pulmonary circulation pressure, and increased peripheral circulation resistance, with left heart failure being the
most common symptom, which often need the patient to seek urgent medical attention such as Oxygen inhalation, ECG
monitoring, intravenous injection cardiotonic, diuretic, and vasodilator. Clinical laboratory examinations that need to be
considered include lung X-ray (to determine the presence of pulmonary edema), electrocardiogram (to rule out
arrhythmias and acute coronary syndrome), and echocardiography (to determine the presence of cardiac structure,
systolic and diastolic issues). Comprehensive evaluation of BNP values and patient clinical manifestations (wheezing,
lower limb edema, auscultation of wet rales). Acute heart failure often has high mortality, in-hospital mortality ranges
from 4% to 10%."
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Statistical Analysis

We use SPSS 26.0 and R language software as our statistical analysis software. We use means and standard deviations
(SD) to represent continuous variables, while use absolute numbers and percentages to represent categorical variables.
The Student’s t-test or the Mann Whitney u-test were used to compare the continuous variables. The chi-square test or
Fisher’s exact test was used to compare categorical variables. In the training set, based on whether AHF occurred,
patients were divided into heart failure group and non-heart failure group, and the two groups were compared to find
significant differences. We included indicators with significant differences (p<0.05) in univariate and multivariate binary
logistic regression analysis by enter method to identify independent risk factors for AHF. The significance of the
correlation was used by odds ratios (OR) and 95% confidence intervals (CI). The Hosmer Lemeshow test’s result
p>0.05 show that this nomogram prediction model has great fitness. The nomogram prediction model for postoperative
AHF was established based on the multivariate logistic regression analysis results. The discriminative ability of the
prediction model was based on AUC of the receiver operating characteristic curve. We use the calibration curve to
evaluate the predicted and actual probabilities of this prediction model. We use decision curve analysis to evaluate the
clinical application value of the prediction model.

Results

Characteristics of Older Hip Fracture Patients with or Without Acute Heart Failure
Figure 1 was the flow chart of our research. We included 1288 hip fracture patients combined with CHD age range from
65 to 95 in our research, and after excluding 214 patients who did not meet the incorporation criteria, the remaining 1074
patients were enrolled in our study. We divided them into the training set (patients included from 2017 to 2020, n=808)
and the validation set (patients included from 2020 to 2021, n=266). In the training set, 346 patients experienced
postoperative heart failure, and these patients were included in a univariate and multivariate analysis. Table 1 is the
demographic and clinical characteristics of older patients with or without AHF in the training set. Most of the patients
were women, and they accounted for 58.5%. Four hundred and thirty-seven (54.1%) patients had intertrochanteric

1288 older hip fracture patients

combined with CHD age range 214 patients excluded

from 65-95 Incomplete clinical data n=38
Multiple fractures n=32

* pathological fractures n=56

A Old fractures n=27

( 1074 patients included J Chronical heart failure n=64
{266 in the validation set} [ 808 in the training set J
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o Multivariate analysis ]
prediction model

Figure | The flowchart of our research.
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Table | The Demographic and Clinical Characteristics of Older Patients with or without Acute
Heart Failure (AHF)

Variable Total AHF (n) Non-AHF (n) P(value)
Gender n(%)
Male 353(43.7%) 144(17.8%) | 191(23.6%) 0.943
Female 473 (56.3%) | 202(25.0%) | 271(33.6%)
Age(years) 79.21 81.52 7748 0.000*
Type of fracture n(%)
Femoral neck fracture 371(45.9%) 135(16.7%) | 236(29.2%) 0.001*
Intertrochanteric fracture 437(54.1%) 211(26.1%) | 226(28.0%)
History of CHD
Antiplatelet or Anticoagulants drugs | 252(31.2%) 104(12.9%) | 148(18.3%) 0.225
Revascularization 69(8.5%) 31(3.8%) 38(4.7%) 0.245
left ventricular ejection fraction 61.83% 61.30% 62.3% 0.735
Injury mechanism n(%)
Accidently Falling 633(78.3%) | 288(35.6%) | 345(42.7%) 0.736
Car accident 90(11.2%) 34(4.2%) 56(6.9%) 0.425
Dizziness and falling 85(10.5%) 24(3.0%) 61(7.5%) 0.093
Comorbidity n(%)
Hypertension 495(61.3%) | 222(27.5%) | 273(33.8%) 0.143
Diabetes 330(40.8%) 147(18.2%) | 183(22.6%) 0411
Old cerebral infarction 348(43.1%) 159(19.7%) | 189(23.4%) 0.152
Osteoporosis 138(17.1%) | 67(8.3%) 71(8.8%) 0.243
COPD 182(22.5%) 119(14.7%) | 63(7.8%) 0.000%*
Carotid plaque 149(18.4%) | 67(8.3%) 82(10.1%) 0.558
Coronary calcification 254(31.4%) 122(15.1%) | 132(16.3%) 0.043*
Chronic kidney disease 37(4.6%) 23(2.8%) 14(1.7%) 0.015*%
Liver disease 54(6.7%) 30(3.7%) 24(3.0%) 0.052
Preoperative waiting 520(64.4%) 259(32.1%) | 261(32.3%) 0.000*
Time>3(days) 104.47 99.62 108.10 0.000%*
Hemoglobin at admission(g/L) 59(7.3%) 45(5.6%) 14(1.7%) 0.000
ASAZ3 at admission n(%) 375(46.4%) 184(22.8%) | 191(23.6%) 0.001*
Anemia at admission 240(29.7%) 118(14.6%) | 122(15.1%) 0.018*
Hypoproteinemia at admission n(%)
Albumin at admission(g/L) 32.13 31.68 3247 0.007*
Intraoperative bleeding(mL) 211.31 212.63 210.32 0.8I15
Operation time(days) 2.2+0.3 2.3+0.2 2.0+0.4 0.557
Type of anesthetic
General anesthetic 543(67.2%) 219(27.1%) | 324(40.1%) 0.005*
Regional anesthesia 265(32.8%) 132(16.3%) | 133(16.5%)
Preoperative atrial fibrillation 99(12.3%) 48(5.9%) 51(6.3%) 0.063

Notes: Values are presented as mean * standard deviation, median (interquartile range), or number (percentage) as
appropriate SD Standard deviation. “*” means P<0.05.
Abbreviation: COPD, chronic obstructive pulmonary disease.

fracture and 371 patients had femoral neck fracture, which accounted for 45.9%. A total of 252 (31.2%) patients had
antiplatelet or anticoagulants drugs before and 69 (8.5%) patients previously receive revascularization. The average left
ventricular ejection fraction of these patients was 61.83%. Accidently fall is the most common cause of hip fractures,
accounting for 78.2%, car accident and fall by dizziness accounted for only 11.2% and 10.5%. Hypertension was the
most common comorbidity, accounting for 61.3%, while diabetes and cerebrovascular disease accounted for 40.8% and
43.1%. Fifty-nine patients have an ASA rating >3 at admission. Five hundred and twenty patients with preoperative
waiting time >3 days. The average hemoglobin at admission was 104.47g/L, and the average albumin at admission was
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Table 2 Univariate and Multivariate Logistic Regression Analysis of Risk Factors for Acute

Heart Failure in Training Set

Univariate Analysis Multivariate Analysis
OR 95%CL P OR 95%CL P
Type of fractures
Femoral neck fracture 1.632 | 1.230-2.165 | 0.001* | 1.641 | 1.189-2.265 | 0.003*
Intertrochanteric fracture
Age 1.115 | 1.087-1.143 | 0.000*% | 1.107 | 1.077-1.137 | 0.000*
Coronary calcification 1.362 | 1.010-1.836 | 0.043* | 0.883 | 0.610-1.278 | 0.510
ASAZ3 4.787 | 2.580-8.869 | 0.000* | 3.055 | 1.423-6.560 | 0.004*
Chronic kidney disease 2.279 | 1.155-4.496 | 0.018* | 1.135 | 0.499-2.581 | 0.762
COPD 2.388 | 1.788-3.188 | 0.000* | 2.149 | 1.419-3.256 | 0.000*
Anemia at admission 0.959 | 0.950-0.969 | 0.000* | 0.962 | 0.951-0.973 | 0.000*
Hypoproteinemia 1.442 | 1.065-1.954 | 0.018*% | 1.300 | 0.916—1.844 | 0.142
Surgery waiting time>3(days) | 2.293 | 1.691-3.109 | 0.000* | 2.014 | 1.430-2.836 | 0.000*
Type of anesthesia
General anesthesia 0.655 | 0.487-0.881- | 0.005* | I.121 | 0.777-1.617 | 0.542
Regional anesthesia

Note: ‘“*” means P<0.05.
Abbreviation: COPD, chronic obstructive pulmonary disease.

32.13g/L. The average intraoperative bleeding volume was 211.31mh. Three hundred and seventy-five (46.1%) patients
had anemia at admission, and 240 (29.7%) patients had hypoproteinemia at admission.

Univariate and Multivariate Analysis of Risk Factors for Acute Heart Failure and

Construct a Nomogram Prediction Model

Univariate and multivariate logistic analysis of risk factors for AHF in the training set is shown in Table 2. From the

table, we can find that in univariate analysis, there were significant statistical differences in fracture type, age, coronary
calcification, ASA grade >3, concomitant COPD, anemia at admission, chronic kidney disease, hypoproteinemia at

admission, and preoperative waiting time >3 days. Incorporating these factors into multivariate analysis reveals

significant factors such as fracture type, age, ASA grade >3, concomitant COPD, anemia on admission, and preoperative

waiting time >3 days. We incorporate these risk factors to construct a nomogram prediction model as shown in Figure 2.
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Figure 2 The nomogram prediction model for postoperative acute heart failure.
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ROC Analysis and Verification by a Calibration Curve and Decision Curve Analysis

Figure 3 is the ROC curve of nomogram and other risk factors, we can see that the nomogram has better discrimination
ability than other factors, Figure 4A is the ROC curve of nomogram prediction model in the training set, the AUC of the
nomogram prediction model is 0.778 (95%Cl1 0.746-0.811). Figure 4B is the ROC curve of the validation set, the AUC of
it is 0.748 (95%C1 0.687—0.810). The calibration curve of the training set and the validation set is shown in Figure 5 and
with Hosmer Lemeshow goodness of fit test shows that it is well calibrated (p > 0.05). Decision curve analysis in

Figure 6 shows that the nomogram prediction model has good clinical benefits.

Discussion

Our study found that patients with hip fractures combined with CHD have a higher incidence of postoperative heart
failure, reaching 42.8%. Fracture type, anemia at admission, ASA > 3, surgical delay time > 72 hours, and combined with
COPD are risk factors for postoperative heart failure. And the anesthesia type, previous CHD treatment and preoperative
atrial fibrillation do not affect postoperative AHF. We construct a nomogram prediction model and the nomogram
prediction model has great discrimination ability.

A review in 2014 mentioned that the incidence rate of ischemic heart disease or heart failure during the perioperative
after hip fracture is 35% —42%."" In our research, the incidence rate of postoperative AHF was 42.8%. Our result is
higher than other related studies, which may be related to the combination of CHD in the patients we included. There was
no significant statistical difference in the outcome between all CHD patients who had previously taken antithrombotic
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Figure 3 The receiver operating characteristic curves of nomogram and different risk factors.
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Figure 4 (A) The receiver operating characteristic curves of nomogram in training set. (B) The receiver operating characteristic curves of patients in validation set.

drugs or had a history of revascularization. A previous study on intraoperative hypotension and postoperative outcomes
in patients with coronary artery disease showed that the severity of coronary vessels does not affect the occurrence of
cardiovascular events after noncardiac surgery,'? which is partially similar to our results. And we think that patients who
underwent revascularization had relatively severe ischemic symptoms before, but they were able to recover well after
revascularization and patients who had not undergone revascularization before may experience continued progression of
coronary artery stenosis, leading to increased risk. Patients who receive platelet or anticoagulant therapy will stop using it
for a period of time before surgery, so whether to take antiplatelet or anticoagulant therapy before will not have
a significant difference on postoperative heart failure. In our research results, the average hemoglobin level in the
postoperative heart failure group was 99.62g/L, the incidence of anemia is 46.1%. Previous studies have shown that
preoperative anemia in patients with hip fractures often indicates weakness and poor postoperative functional recovery.13
Additionally, preoperative anemia is associated with postoperative heart failure, pneumonia, and cerebrovascular
disease,'* which is similar to our research findings. Anemia can reduce organ tolerance to ischemia by limit the supply
of oxygen to terminal organs and tissues. The decrease in hemoglobin caused by anemia can also cause cell hypoxia,
resulting in dysregulation of intracellular homeostasis, decreased concentration of adenosine triphosphate, and finally cell
death.'>'® Our results also found that compared to femoral neck fractures, intertrochanteric fractures was a risk factor.
The impact of fractures on postoperative AHF can also be explained by anemia. Patients with intertrochanteric fractures
often experience more bleeding compared to those with femoral neck fractures. A research in 2019 mentioned that due to
blood leakage into the tissue chamber and stress hemolysis, intertrochanteric fractures often have occult blood loss. The
occult blood loss occurs in more than 80% of preoperative intertrochanteric fractures, and the blood that seeps into the
tissue, resulting in a decrease of blood volume and hemoglobin.'” For patients with anemia or intertrochanteric fracture,
measures such as blood transfusion and nutritional supplementation should be taken before surgery, and blood routine
indicators should be reviewed timely.

Heart failure and COPD often coexist. It is our conclusion that combine with COPD can contribute to postoperative
AHF. Patients with COPD often experience chronic hypoxia, which can lead to pulmonary artery vasoconstriction and
vascular remodeling, this ultimately leads to increased pulmonary vascular resistance and impaired cardiac systolic and
diastolic function.'® After fractures and surgical anesthesia, hypoxia often worsens, which can cause damage to
myocardial cells. Meanwhile, research has shown that for patients with COPD, cardiovascular disease is a common
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Figure 5 (A) The calibration curve of the nomogram in the training set. (B) The calibration curve of the in the validation set.

comorbidity and cause of death. Compared with patients without COPD, patients with COPD have a higher incidence of
heart failure and other cardiovascular complications.'® Therefore, for patients with COPD, preventive measures such as
preoperative oxygen therapy and nebulization should be taken.

ASA grading is a system for quantifying the risks of anesthesia and surgery. Generally, ASA grading can be divided
into 6 levels, with 3 levels referring to patients with severe systemic diseases, certain functional impairments, and barely
able to tolerate surgical anesthesia. Our results found that ASA >3 is the risk factor for postoperative AHF. A cohort
research of 170,193 patients in Sweden found that for hip fracture patients with an ASA score of 4, they are more
susceptibility to pneumonia, heart failure, and a second hip fracture,?® which was similar to our results. The mechanism

behind this can be explained as patients with higher ASA scores have a greater burden of comorbidities, surgery and
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postoperative immobilization have led to a state of catabolism and have a negative impact on previously existing chronic
diseases.”!

The current research on the correlation between preoperative waiting time and postoperative related adverse events is
controversial. The waiting time from admission to surgery has been studied as a potential modifiable risk factor for
complications and death.”>>* A nationwide cohort study of 63,998 patients showed that for patients with ASA scores 3
or 4, they had an increased risk of postoperative complications, such as heart failure, atrial fibrillation, and ischemic
events when waiting for more than 24 hours before surgery.”> Some research have also shown that surgery lasting more
than 24 hours does not have a significant impact on patient mortality, and implementing strict preoperative time limits for
different patients may not be the best strategy.>® Our research results found that waiting time before surgery exceeding 72
hours is a risk factor for postoperative AHF, which may be related to the large number of fracture patients in our hospital,
many patients are unable to undergo surgery immediately after the fracture. At the same time, in our hospital, patients
often have negative events such as poor blood sugar control, cardiovascular complications, anemia, and thrombosis, these
factors can lead to an increase in the average preoperative waiting time of patients. For our results, it can be explained
that prolonged preoperative waiting time leads to inflammation, hypercoagulability, catabolism, and stress in patients, at
the same time, restricting exercise and fasting after fractures ultimately increase the risk of complications.”” Shortening
preoperative waiting time can reduce patients’ exposure to harmful situations, potentially reducing the risk of related
complications and mortality.”'

Our research results also showed that age is a risk factor for AHF, and the older the age, the higher the probability of
AHF. Previous studies have mentioned heart failure syndrome, caused by the aging process, which leads to a series of
physiological and biological changes in our heart.”® The mechanisms can be summarized as oxidative stress, inflamma-
tory response, and limited myocardial regeneration ability.?’ As age increases, the renewal ability of myocardial cells
decreases, in the first 20 years of life, myocardial cells have the highest renewal ability, while the rate of myocardial cell
renewal in older adults is significantly reduced,’® leading to an increase in myocardial cell vulnerability.

In our research, general anesthesia accounted for 67.2%, and our research results indicate that anesthesia method is
not a risk factor for postoperative heart failure. Anesthesia is mainly divided into regional anesthesia and general
anesthesia. The results of a meta-analysis indicate that the anesthesia method for hip fracture surgery is not associated

with postoperative complications such as AHF, myocardial infarction, acute renal failure, pneumonia, and
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cerebrovascular disease, which seems to be similar to our research findings.>' The type of anesthesia is a modifiable risk
factor for postoperative outcomes during hip fracture surgery. Compared to general anesthesia, local anesthesia may be
more easily accepted by patients. And recent research have also shown that nerve axis anesthesia can reduce the
incidence of postoperative complications compared to general anesthesia,®> But further large-scale RCT are needed to
support the impact of anesthesia types on postoperative outcomes.

Our results indicate that preoperative atrial fibrillation is not a risk factor for postoperative heart failure. In our
research, the incidence of atrial fibrillation is 12.3%, higher than Fu et al 2023 research 7.1% due to combined with CHD
in our patients.*® Although some studies have shown that a large proportion of patients develop heart failure after atrial
fibrillation®* and older patients have a higher risk of heart failure than stroke after atrial fibrillation.*® But in our research,
the occurrence of atrial fibrillation in our research is acute atrial fibrillation caused by post-fracture stress and ischemia. It
usually lasts for a short period of time and has a relatively small impact on the patients heart function. We also administer
anti-arrhythmic drugs timely. Therefore, it is possible that this brief arrhythmia may not have a significant impact on the
patient’s postoperative heart failure.

The shortcomings of our article are: firstly, this study is a retrospective design, which may have some selective
bias. Secondly, although the internal validation shows great discrimination. The calibration curve shows that the
predicted result and the actual results have good consistency, additional databases need to be used for external
validation. Thirdly, due to the limitations of retrospective research, some data such as regional anesthesia types,
intraoperative hypothermia, and intraoperative hypotension were not recorded in detail in our case system. Therefore,
in the future, we will carry out forward-looking research to collect more comprehensive data, and increase the
reliability of conclusions.

In conclusion: for older patients with hip fractures combined with CHD, the prevalence of postoperative AHF was
42.8%, anesthesia type, previous CHD treatment and preoperative atrial fibrillation do not affect postoperative AHF.
Fracture type, anemia at admission, ASA > 3, surgical delay time >72 hours, and combined with COPD are risk factors
for postoperative acute heart failure. We have developed a nomogram prediction model that can provide an effective
personalized guidance plan for clinical practice.
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